Drought is one of the most harmful natural hazards in the Upper Reaches of the Yangtze River basin (URYR) in the mid-west part of China. Alterations in precipitation will affect the severity of drought.
INTRODUCTION
Drought is a natural, recurrent feature of climate derived from prolonged dry and warm weather causing less water availability on the land surface. It develops slowly and imperceptibly and may remain unnoticed for a long time, unlike flood and other natural hazards (Tallaksen & van Lanen ). In the last few years, climate change has become a major global problem that exists in many regions of the world. Under the circumstance of global climate change, it is necessary to analyze the characteristics of precipitation and drought in terms of the local water resources management, drought hazard mitigation, and to understand the course and patterns of ecological and environmental anomalies in the arid and semi-arid regions. At the same time, changes in precipitation trigger new characteristics of drought in affected regions, especially those that affect spatial distribution and temporal patterns. There is also the necessity of improving the ability of local decision makers to prepare for, and deal with, the consequences of precipitation anomalies through the acquisition of a complete understanding of the range and likelihood of changes in precipitation and drought that a given location has under-soil moisture (agricultural) or any combination of the three.
Droughts have been classified into four types (Wilhite & Glantz ): meteorological, agricultural, hydrological, and social-economic. The first three groups can be defined as environmental indicators, the last group as a water resources indicator. A number of drought monitoring indices have been used over the years, such as the Reconnaissance Drought Index (RDI) (Tsakiris et al. ) , the Drought Severity Index (DSIE) (Pandey et al. ) , the Streamflow Drought Index (SDI) (Nalbantis & Tsakiris ) . However, the Standard Precipitation Index (SPI), recommended by Guttman (), remains a popular choice among researchers because it is simple, spatially consistent in its interpretation, and probabilistic, so that it can be used in risk management and decision analysis, and can be tailored to time periods of the user's interest. It describes the behavior of only one variable, precipitation.
It is possible to experience wet conditions at one timescale and dry conditions at another simultaneously. For example, soil moisture, which typically responds to precipitation relatively quickly, may soon be depleted in a brief drought spell, whereas stream flow and groundwater, which are affected by longerterm precipitation anomalies, may still be relatively normal.
Although it is quite a recent index, the SPI has been used in Turkey (Komuscu ) In theory, the timescale of SPI is flexible. Statistically, precipitation is not normally distributed. Since non-precipitation in many days, precipitation distributions are positively skewed. Furthermore, a short timescale will increase the precipitation variability, leading to a highly skewed distribution (Barger et al. ) . However, in practice a monthly precipitation series is 'smoothed' with a moving window of width equal to the number of months desired, e.g., a 3-month SPI would use a moving window of a 6-month width. Edwards In order to comprehensively understand the trend of the precipitation and characteristics of drought, many researchers have undertaken studies on the dry/wet trend and the fre- 
Under the hypothesis of independent and randomly distributed random variables, when n ! 8, the S statistic is approximately normally distributed, with zero mean and variance as follows:
As a consequence, the standardized Z statistics follow a normal standardized distribution: 
The hypothesis that there is no trend is rejected when the Z value computed by Equation (4) is greater in absolute value than the critical value Z α , at a chosen level of significance α.
When a positive value of Z indicates an upward trend, a negative value of Z indicates a downward trend. |Z| . 1.64 Terrain will affect the rainfall statistics and the trends.
To obtain a spatial coverage of MK and drought indices over the whole basin, we interpolated the three rainfall factors (elevation of the precipitation stations, slope, and distance between nearest vicinity stations). Details are as follows: based on the DEM to calculate the rainfall in each grid cell,
where Y is the result of rainfall interpolation; n is the number of precipitation stations in interpolation; G is the gradient for the rainfall with the elevation change; α i is the weight of station i, Here, weight is related to the elevation of station; H i is the elevation of station i; B i is original rainfall data.
Standardized precipitation index
The SPI is an index based on the probability of distribution in precipitation ( 
where α . 0 is a shape parameter, β . 0 is a scale parameter,
x . 0 is the amount of precipitation and Γ(α) defines the gamma function.
Initial estimates for the shape and scale parameters are calculated by
where n is the number of precipitation observations and x À is the mean precipitation over the time scale of interest, x i is the sample of the pluviometric data, and A is measure of the skewness of distribution (Husak et al. ) . For the calculation of x À and lnðx À Þ, it must be noted that only the number of weeks or months with positive accumulations were used, and only the non-zero observations in the records were utilized in the estimation of the gamma distribution parameters.
This allows the rainfall distribution at the station to be effectively represented by a mathematical cumulative probability function given by
Letting t ¼ x/β, this equation becomes the incomplete gamma function,
As the gamma function is undefined for x ¼ 0 and a precipitation distribution may contain zeros, the cumulative probability becomes
where q is the probability of a zero. If m is the number of zeros in a precipitation time series, q can be estimated by m/n.
The cumulative probability, H(x), is then transformed into the standard normal random variable Z( μ ¼ 0,
which is the value of the SPI.
Since it would be cumbersome to produce these types of figures for all stations at all time scales and for each month of the year, the Z or SPI value is more easily obtained computationally using an approximation provided by
Abramowitz & Stegun () that converts cumulative probability to the standard normal random variable Z: The values of SPI can be categorized according to the classes indicated in Table 2 (Vermes ).
We use this method to calculate the rainfall in each grid cell with the elevation change. Thus, the each cell represents the spatial databases while the MK/drought indices computed at their respective cells represent each of their attribute databases. As the links between spatial and attribute databases exit, a series of maps with spatially varying drought severity are obtained. We can also use this method to calculate the monthly or annual precipitation in each sub-basin.
RESULTS
The spatial-temporal distribution of the precipitation Based on the monthly precipitation time series of the six sub-basins in the URYR, the MK test of precipitation was carried out, and the changing rate of precipitation was calculated by the least-squares linear fitting (Table 3) . Table 4 presents the statistical analysis results of different stations.
From Table 3 it can be seen that from January to May the rate of change of the precipitation in Jinshajiang sub-basin showed positive slopes from 1.85 to 8.31 mm/10 years and the maximum value of 8.31 mm/10 years occurred in May.
For these five months, the number of stations which showed significant increasing trends in the Jinshajiang sub-basin are 8, 4, 5, 3 and 10 ( Consequently, more attention should be focused on the threat of droughts in the URYR basin, especially in the SiChuan basin.
Frequency of drought
The number of months N i in each class of drought intensity according to Table 2 was computed for 3, 6, 9, 12, 24 and 48 month timescales. The number of droughts per 100 years was calculated as (Łabedzki )
where N i,100 ¼ the number of droughts for a timescale i in 100 years, N i ¼ the number of months with droughts for a timescale i in the n year set, i ¼ the timescale (1, 3, 6, 12, Edwards & McKee () indicated that the SPI has a standard normal distribution with an expected value of zero and a variance of one. But this is not always the case for the SPI at short timescales because of the skewed precipitation distribution. Especially for dry climates or those with a distinct dry season where zero values are common, there will be too many zero precipitation values in particular seasons. When the timescales were increased and more months were considered, this problem was solved (Kangas & Brown ) . On the other hand, because of data limitations, timescales .24 months may be unreliable (Guttman ) . Given the inclusion within the study area of different climatic regions, particularly years were greater than those in Jinshajiang sub-basin.
Meanwhile, for 9 and 12-month time scales, the numbers of The 100-year frequency of severe drought events is greater in the middle part than that in the east part of the URYR basin. Figure 4 shows that the frequency of extreme drought in the east part of URYR was greater than that in the west part.
Wujiang and Upper mainstream sub-basin were subjected to extreme drought at 6, 9 and 12 month timescales. This region is mainly the rain-fed agricultural area in the URYR basin. The frequent droughts result in a reduction of agriculture and influence drinking water supply for local people.
The statistics show that the ratio of water deficiency exceeds 30% and 10-30% in Wujiang and the Upper mainstream sub-basins, respectively (CWRC ). Future studies are needed to investigate specific effects by droughts on the regional ecology environment.
